Twenty-six Rhizobium galegae strains, representing the center of origin of the host plants Galega orientalis and G. officinalis as well as other geographic regions, were used in a polyphasic analysis of the relationships of R. galegae strains. Phage typing, lipopolysaccharide (LPS) profiling, pulsed field gel electrophoresis (PFGE) profiling and rep-PCR (use of repetitive sequences as PCR primers for genomic fingerprinting) with REP and ERIC primers investigated nonsymbiotic properties, whereas plasmid profiling and hybridisation with a nif gene probe, and with nodB, nodD, nod box and an IS sequence from the symbiotic region as probes, were used to reveal the relationships of symbiotic genes. The results were used in pairwise calculations of distances between the strains, and the distances were visualised as a dendrogram. Indexes of association were compared for all tests pooled, and for chromosomal tests and symbiotic markers separately, to display the input of the different categories of tests on the grouping of the strains. Our study shows that symbiosis related genetic traits in R. galegae divide strains belonging to the species into two groups, which correspond to strains forming an effective symbioses with G. orientalis and G. officinalis respectively. We therefore propose that Rhizobium galegae strains forming an effective symbiosis with Galega orientalis are called R. galegae bv. orientalis and strains forming an effective symbiosis with Galega officinalis are called R. galegae bv. officinalis.
Introduction
Bacteria which form symbiotic, nitrogen-fixing root or stem nodules on plants belong to the genera Allorhizobium, Azorhizobium, Bradyrhizobium, Mesorhizobium, Rhizobium and Sinorhizobium (for a review see YOUNG & HAUKKA, 1996; DE LAJUDIE et al., 1998) , collectively called rhizobia. The phylogeny of the rhizobia is different from that of their host plants (LINDSTRÖM et al., 1995) , which, with only one exception, belong to the large plant family Leguminosae. Thus, the systematic division of rhizobia into species according to the cross-inoculation concept, based on which rhizobia and plants are placed in the same cross-inoculation group if they have the same host range, has been abandoned by taxonomists (JORDAN, 1984) . Recently, it has even been suggested that the genera Rhizobium, Allorhizobium and the plant-pathogenic Agrobacterium are amalgamated into one genus, Rhizobium (YOUNG et al. 2001) . Because the host range is an important property of the rhizobia, it is, however, often convenient to be able to cover also symbiotic properties in the name of a rhizobial species. To distinguish symbiotically distinct taxonomic subgroups of the rhizobia, biovars (bv.) have been created. In Rhizobium leguminosarum there are three biovars, viciae, phaseoli and trifolii (JORDAN, 1984) , Sinorhizobium terangae has biovars sesbaniae and acaciae (BOIVIN et al., 1997) , Rhizobium gallicum has biovars gallicum and phaseoli Rhizobium giardinii has biovars giardinii and phaseoli (AMARGER et al., 1997) and Rhizobium etli bv. mimosae was described by WANG et al. (1999) as being distinct from bv. phaseoli among R. etli strains.
Rhizobium galegae (LINDSTRÖM, 1989) and the recently described R. huautlense are only distantly related to other Rhizobium species and are in fact closer to Agrobacterium species in phylogenetic 16S rRNA analy-ses (TEREFEWORK et al., 1998; WANG et al., 1998; TIGHE et al., 2000) . However, analysis of restriction fragment length polymorphism of 23S rRNA genes and total cellular fatty acids clearly reveal a relationship of the species also with the genus Rhizobium (JARVIS et al., 1996; TEREFEWORK et al., 1998) . R. galegae strains are very host specific and the host plants Galega orientalis and G. officinalis are not nodulated by other rhizobia. The nitrogen fixation also shows specificity: strains from G. orientalis only fix nitrogen in symbiosis with G. orientalis and form only ineffective nodules on G. officinalis and vice versa (LIPSANEN & LINDSTRÖM, 1988) . G. orientalis (goat's rue) originates in the Caucasus but is grown as a perennial forage legume e.g. in Finland and in Estonia. G. officinalis (french lilac) grows as a wild plant from Caucasus to Southern Europe, but is not suitable as fodder. It has spread antropogenically to South America and New Zealand (ASCHERSON & GRAEBNER, 1910; LINDSTRÖM et al., 1983 ). Goat's rue is very persistent and resistant to disease (LINDSTRÖM et al., 1985; VALKONEN, 1993; VALKONEN et al.,1993) . It is used for silage in Finland and is a good candidate for phytoremediation purposes (VARIS, 1986; SUOMINEN et al., 2000) .
The unique and distinct symbiotic properties of R. galegae strains prompted us already in 1989 to study the relationships of symbiotic versus chromosomal genes among R. galegae strains by RFLP analysis (KAIJALAINEN & LINDSTRÖM, 1989) . We showed that the symbiotic nod and nif gene probes grouped the strains according to host plant, whereas the nonsymbiotic probes placed some strains from G. officinalis closer to strains from G. orientalis. We concluded that the symbiotic genes might have evolved via lateral gene transfer giving rise to two subgroups with different nitrogen fixation properties. Because especially the number of G. orientalis strains in the previous study was low, and there were few or no strains from the center of origin of the plants, we decided to increase the amount of strains and the number of tests and perform a polyphasic analysis of the relationships of R. galegae strains.
Materials and methods

Bacterial strains, plasmids and phages
Indigenous R. galegae strains were collected from G. officinalis growing near Sofia, Bulgaria, and in Italy near Padova. Strains isolated from root nodules of G. orientalis growing in the Caucasus were obtained from Saku, Estonia. Bacterial strains, plasmids and phages using in this study are listed in Table 1 . R. galegae strains were grown on YM agar plates or in YM broth (LINDSTRÖM et al., 1985) at 28 °C. E. coli was grown in LB medium (MANIATIS et al., 1982) at 37 °C with appropriate antibiotics. Strains were preserved freeze-dried and at -70 °C in 20% (v/v) glycerol. All strains were tested for nodulation and nitrogen fixation on Galega orientalis and G. officinalis in axenic conditions as described (LIPSANEN & LINDSTRÖM, 1988) .
Phage typing
Phage typing was done by using spot tests in double layer phage TY plates as described by LINDSTRÖM et al. (1990) . The titers of the stocks used for phage typing were 10 10 PFU ml -1
.
LPS analysis
LPS analysis was done by separating the molecules in SDS-polyacrylamide gels as described by LIPSANEN & LINDSTRÖM (1989) .
Pulsed field gel electrophoresis
PFGE was carried out in a Bio-Rad CHEF DRII system. Preparations of total DNA samples in agarose blocks were done by a method of HAUKKA & LINDSTRÖM (1994) . The samples were digested with endonuclease XbaI (5′-T/CTAG/A-3) (Promega) and electrophoresed through 1% (wt/vol) agarose gel in 0.5 TBE buffer (45 mM Tris base, 45 mM boric acid, 1 mM EDTA, pH 8.0), pulse times were 5 s for 2 h, subsequently 13 s for 22 h at 200 V.
Rep-PCR
Total genomic DNA of all R. galegae strains was extracted as described by AUSUBEL et al. (1989) , and the concentrations were verified by comparing the DNA samples with the known concentrations of lambda-DNA in agarose gel electrophoresis. PCR primers and reactions were as described by NICK et al. (1999) . The gels were stained with ethidium bromide and photographed with Polaroid type 55 film. The fingerprints were analysed by the GelCompar 2.2 program, using Pearson's product moment correlation method to calculate distances, and average linkage (UPGMA) dendrograms were derived from the distances.
RFLP analysis
An aliquot (1-2 µg) of each genomic DNA sample, isolated as described, was digested to completion with EcoRI, HindIII and BamHI (Promega) at 37 °C for 4 h. Restriction fragments were separated by electrophoresis overnight in 0.8% agarose gels in Tris-acetate buffer. Molecular size standards of phage DNA digested by BstEII were included in each gel. Southern blotting of DNA was performed according to AUSUBEL et al. (1989) protocols. Labelling of probes, hybridisations and detection of hybrid DNA were done with a nonradioactive DNA labelling and detection kit (Boehringer-Mannheim), according to the instructions provided with the kit. The hybridisation with a synthetic oligonucleotide nod-box sequence (5′-GATTGGTAAAATC-GATT-GTTTGGAT-3′) was performed at 37 °C overnight, then filters were washed two times for 5 min at room temperature in 2 × SSC (SSC is 0.15 M NaCl plus 0.015 M sodium citrate), and two times 30 min at 37 °C in 1 × SSC plus 0.1% SDS.
Cloning and sequence analysis of the IS-like sequence
A 0.5 kb fragment of the cosmid clone pRg30, which carries the common nodulation genes of R. galegae (RÄSÄNEN et al., 1991) , was cloned in pGEM11 using standard methods (AUSUBEL et al., 1989) and sequenced by the sequencing service at the University of Kuopio. The sequence was analysed with the Wisconsin Software Package (Version 8.1, Genetics Computer Group, Madison, Wisconsin). The sequence will be reported elsewhere.
Plasmid profiles
The Eckhardt method (ECKHARDT, 1978) as modified by SE- LENSKA-TRAJKOVA et al. (1990a) was used for visualisation of plasmids. Resolution of the plasmids of R. galegae was achieved by overnight eletrophoresis at 80 V in 0.6% agarose gels.
Numerical operations
The results from all different tests were divided into distinct patterns or types and each pattern or type was given a number. There were e.g. five different phage-typing patterns and each of the 21 strains was classified as belonging to one of five phage types (Table 2A ). The mean distance between two strains was calculated as the proportion of tests for which the two strains differed, e.g. strain HAMBI 540 and HAMBI 1461 differed in 5 tests out of 11, the distance between them being 5/11 = 0.455. The distance matrix obtained by pairwise comparison of all strains was used to construct a dendrogram according to the UPGMA method in the SPSS program (Version 8.0). To find out whether the relationships of the symbiotic genes were the reason for the grouping observed, a test for clonality was performed, adopting the methods used in multilocus enzyme electrophoresis. The frequency x ij of a certain pattern or type in the jth test (e.g. 6/21 for phage type 1 in test 1) was determined. The frequencies were used to calculate a diversity measure (h) for each test. The probability that two strains are different in the jth test is hours and subsequently 13 s for 22 h at 200 V. The XbaI generated fingerprints of the studied isolates showed that most of the R. galegae strains isolated from Galega orientalis showed very similar PFGE profiles. For example, Russian isolates CIAM 0707, 912 and HAMBI 1428 as well as CIAM 0703, 913 and HAMBI 1461 had identical PFGE fingerprints. Strains 847, 848 and 849, originating in the Caucasus, had identical PFGE fingerprints, but they were different from the Caucasian strains 842 and 843. Only R. galegae HAMBI 1174, originating in Finnish soil after inoculation (TAS et al., 1996) , gave a clearly different fingerprint in pulsed-field gel electrophoresis (Fig. 1A) . In contrast, each one of the R. galegae strains isolated from Galega officinalis analysed had its individual pattern, except the Italian isolates, which showed identical profiles (Fig.1B) .
Total genomic DNA was used as template in PCR amplifications performed with REP, ERIC and REP+ERIC primers. The amplifications resulted in specific fingerprints with fragment sizes ranging from less than 0.5 kb to approximately 6.5 kb, in a similar fashion as reported by NICK & LINDSTRÖM (1994) . Average linkage (UPGMA) dendrograms (not shown) were derived from the profiles by using the GelCompar 2.2 program. The dendrograms were in quite good agreement with each other. R. galegae strains isolated from Galega orientalis formed fairly homogenous clusters, whereas strains isolated from Galega officinalis were more heterogenous and could be detected in three different clusters. The first group clustered together with strains isolated from G. orientalis, the second group consisted of strains isolated in Italy and USA and the third group contained three of the Bulgarian strains and Agrobacterium radiobacter. A. tumefaciens was clearly separated from the R. galegae strains.
RFLP analysis of symbiotic loci
We used five DNA probes to study polymorphism encoded by symbiotic loci in the R. galegae strains: A heterologous nifHDK probe of S. meliloti, probes for nodB and nodD of R. galegae, a nod-box sequence and a 2.4 kb gene region with sequence homology with prsDE of R. galegae HAMBI 1174, the model strain of the species. The sixth sequence used as a probe, a 0.5 kb IS-like sequence, was originally found in the common nod carrying cosmid pRg30 by sequencing and homology to it was detected in the nod gene cosmid pRg10 by hybridisation. The probes are listed in Table 1 , and results from hybridisations with the different probes are summarised in Table 3 .
The nifHDK sequence was conserved among all strains from G. officinalis. The G. orientalis strains 842 and 843 differed slightly from the other strains of that group by showing absence of one EcoRI site and presence of an additional HindIII site. All strains examined had a 1.5 kb EcoRI fragment and a 1.9 kb HindIII fragment in common, which shows that the nif sequences are related to each other also across host plant groups.
The nodB probe revealed polymorphism among the G. orientalis strains, detectable in the EcoRI blot (not where n is the number of patterns or types in that test. The distance (K) between two strains is the number of test results in which they differ. The mean distance K can be calculated as the mean of the number of unshared patterns for all strain pairs, which amount to n(n -1)/2, where n = the number of strains. The observed variance V O is the variance of these means. The mean distance per test is K /m (m = 11 tests). On the other hand K = ∑h j . The expected value of the variance of K is V E = ∑h j (1 -h j ). By comparing V O and V E , e.g. by calculating an index of association I A = V O / V E -1, one can get a measure of the association of the tests (MAYNARD SMITH et al., 1993) . In this study we compared the I A :s for all tests with those of tests measuring chromosomally encoded diversity of tests measuring symbiotic traits.
Results
In this study we used phage typing, lipopolysaccharide (LPS) profiling, pulsed field gel electrophoresis (PFGE) profiling and rep-PCR (use of repetitive sequences as PCR primers for genomic fingerprinting) with REP and ERIC primers to study the relationships of nonsymbiotic properties of the strains. Plasmid profiling and hybridisation with a nif gene probe, and with nodB, nodD, nod box and an IS sequence from the symbiotic region as probes, were used to reveal the relationships of symbiotic genes. The results were used in pairwise calculations of distances between the strains, and the distances were visualised as a dendrogram. Indexes of association were compared for all tests pooled, and for chromosomal tests and symbiotic markers separately, to display the input of the different categories of tests on the grouping of the strains.
Phenotypic analyses
The R. galegae strains displayed five different phage typing patterns when tested for sensitivity towards the R. galegae specific phages 3V, 1R, 3R and 1261M (data not shown). The LPS patterns of a majority of the strains were similar to other Galega rhizobia previously investigated, with a characteristic very short O-chain (LIPSANEN & LINDSTRÖM, 1989; , and only three strains had a long Ochain (see references for examples).
Genomic fingerprinting
Optimal PFGE DNA fingerprints representing the whole genome of the bacteria were obtained with XbaI at the following running conditions: pulse times 5s for two shown). The differences might be in a nonsymbiotic locus because nodB contains no EcoRI site and the hybridising fragments are large (Table 3) . A similar polymorphism was displayed among the G. officinalis strains. The groups of strains isolated from the two host plants had no hybridising bands of common size. Hybridisation with the nodD probe showed that nodD is very likely linked to nodB in all R. galegae strains, as revealed by the similarities in the hybridisation patterns. In the HindIII blot of G. orientalis strains (Fig. 2) and in the BamHI blots of both groups, there were additional hybridisation signals than the ones expected from hybridisation with the nodD probe (nodD1), which is linked to the common nod genes A, B and C (Table 3) . Since a second nodD copy (nodD2), corresponding to the additional hybridising fragments, has been detected in R. galegae HAMBI 1174 (SUOMINEN et al., 1999) , it seems that nodD2 is present in the symbiotic region of all R. galegae strains. The presence of a third signal in the HindIII blot suggests that additional nodD like sequences exist in the genomes of these bacteria. Within the two groups of strains with different host specificity of nitrogen fixation nodD was very conserved, but the two groups were different from each other. With a synthetic nod box sequence as a probe, it was possible to detect up to five nod box sequences in the genome of R. galegae (Fig. 3) . Four of those corresponded to nod box sequences mapped on pRg30 and pRg10 (SUOMINEN et al., 1999) . The hybridisation patterns confirmed that the nodulation gene regions are highly conserved within the G. orientalis and G. officinalis groups respectively. An unexpected result was the homology of the nod box sequence with three EcoRI fragments of total DNA of A. tumefaciens (Fig. 4 lane 9) . We did not find this homology in total DNA of A. radiobacter.
The 2.4 kb EcoR1 fragment from pRg10, which has prsDE homology, was monomorphic among all R. galegae strains tested (not shown), indicating that this ABC transporter sequence might be important for the specificity of the Galega symbiosis.
The IS-like probe gave the same hybridisation pattern for all strains from G. orientalis (Fig. 4A, B) . The sequence was detected in two copies per genome, both located in the symbiotic region of the bacteria. The 614 bp sequence of the probe showed 64% identity with the agrobacterial IS element IS66 (accession number M10204).
Plasmid content
All 17 strain analysed harboured a very large plasmid (>1500 kb). Five R. galegae strains (CIAM 0707, 912, 842, 843) nodulating G. orientalis and NBIMCC 2250, which infects G. officinalis plants contained an additional plasmid sized about 200 kb (not shown).
Phenetic and clonality analysis of the data
All phenotypic and genotypic results were scored so that each type or pattern displayed was given a number (Table 2) . Strains were pairwise compared to obtain the distances between them, i.e. the proportion of patterns in which they differed. The distance matrix obtained was used to construct a phenogram with the UPGMA method (Fig. 5) . The strains were clearly divided into two main groups according to host plant. To find out whether the relationships of the symbiotic genes were the reason for the grouping observed, a test for clonality was performed. The indexes of association in Table 4 shows that the symbiotic genes have a much stronger influence on the grouping (I A = 2.15) than the phenotypic and genotypic tests for overall similarity (I A = 0.49).
Discussion
The results of this study show that Rhizobium galegae is a coherent taxon, which consists of two subgroups. The groups divide the bacteria according to the host plant with which they form an effective symbiosis (G. orientalis and G. officinalis). An inspection of the individual tests on which the grouping is based shows that mainly the symbiotic gene loci and probes account for this division. The results confirm and extend the observations made by KAIJALAINEN & LINDSTRÖM (1989) to be valid also for strains isolated from indigenous, original plant populations in the Caucasus and in Southern Europe.
Phage typing confirmed that specific phages may be used to phenotypically identify the R. galegae species (LINDSTRÖM, 1989) . The LPS profiling confirmed that LPS with very short O-chain is the prevailing feature of R. galegae, with occasional longer-chained LPS as exceptions . The genomic PFGE and rep-PCR fingerprinting results indicated that strains from G. officinalis are genetically more diverse than strains from G. orientalis. However, the prsDE probe from the symbiotic region served as a monomorphic marker for the species, as also proposed by TAS (1997).
The IS-like sequence, which was detected only in strains from G. orientalis, appeared to be a good genetic marker for the G. orientalis group. Since it lies in the symbiotic regions of the genome it might have been involved in the evolution of these regions. Its monomorphism points at a fairly recent evolutionary event. On the other hand the presence of related IS sequences in Agrobacterium, S. meliloti and S. fredii reveals that these plant-interacting bacteria have a common evolutionary history (MACHIDA et al., 1984; RAMAKRISHNAN et al., 1986 , SCHWEDOCK & LONG, 1984 .
The nif genes were conserved among the host plant groups, but the presence of common RFLP fragments between the groups shows that they are closely related. The nodulation genes nodB and nodD showed a high degree of conservation within the host plant groups. No bands that hybridised to both groups were detected, which may partly be due to the small size of the probes. The results indicated however that since these nod genes appeared to be linked, the organisation of them is similar in all tested strains.
Whereas there were only one copy each of nif and nodB, the presence of at least two copies of nodD sequences seems to be a typical feature of the species. Another feature of the species is the presence of very large plasmids, which carry symbiotic regions (SELENSKA-TRA-JKOVA et al., 1990b, unpublished results from the laboratories of Michael Hynes and ourselves). Even though conjugal transfer of these plasmids has not been demonstrated it is a hypothetical mechanism of transfer of symbiotic genes, which could have operated to generate the higher similarity among symbiotic genes compared with the Table 2 as described in materials and methods. chromosomal background. The plasmid profiles demonstrated the existence of low heterogeneity of plasmid pools within rhizobia nodulating Galega sp.
Nod box sequences are often found in the promoter regions of plant-induced genes. Up to five sequences with detectable homology to the probe were found in the R. galegae strains. On the cosmids pRg10 and pRg30 we recently found four of these nod boxes by sequencing (SUOMINEN et al., 1999) . FREIBURG et al. (1997) detected 17 nod boxes on the symbiotic plasmid of strain NGR 234, eleven of which were active. Detection of additional nod boxes in R. galegae might require extensive sequencing.
To get a synthesis of the results from the different types of test used in this study, we grouped the strains in the different tests and named the groups with numbers. The grouping was then used to obtain distances measures for the strains. The construction of dendrograms from distance matrices of symbiotic and nonsymbiotic traits separately did not give reliable results, because the number of tests was small. Therefore, we determined indexes of association for the two types of traits and found evidence for a major role of the symbiotic traits for the grouping. Recently, TEREFEWORK et al. (2001) fingerprinted our collection of Rhizobium galegae strains by using the AFLP method. Evidence to support the division of the species into two biovars or even subspecies was obtained also with that methodological approach.
The apparent contradiction between the cross-inoculation concept and a taxonomy based on currently accepted criteria was solved when gene products of the rhizobial nodulation (nod) genes, the Nod factors (substituted chito-oligosaccharides), were found to be involved in host range determination (for a review see SPAINK, 1994) . Recently, there has been evidence that the phylogeny of symbiotic nodulation genes (the acyl transferase encoding nodA) of rhizobia resembles that of the host plants, pointing at nod gene evolution under host constraint and possible coevolution of the two symbiotic partners (TEREFEWORK et al., 2000) .
The fact that the nod genes have an evolutionary history different from that of the rest of the bacterial genome explains that there are cases when taxonomically closely related bacteria have different host range for nodulation capacity. In Rhizobium leguminosarum there are three biovars, viciae, phaseoli and trifolii, which correspond to nodulation of different ranges of host plants: Pisum, Vicia and Lens species for bv. viciae, Phaseolus species for bv. phaseoli and Trifolium species for bv. trifolii (JOR- DAN, 1984) . Representatives of the different biovars have distinct nod genes on symbiotic (sym) plasmids in almost indistinguishable chromosomal backgrounds, and one biovar can be changed into another by replacement of the sym plasmid (JOHNSTON et al., 1978; HOOYKAAS et al., 1981; YOUNG & WEXLER 1988) .
In Sinorhizobium terangae, a species isolated in Africa, biovars corresponding to nodulation of Sesbania (bv. sesbaniae) and Acacia (bv. acaciae) were distinguished by LORTET et al. (1996) and BOIVIN et al. (1997) based on cross-nodulation and Nod factor profiling. HAUKKA et al. (1998) showed that the phylogeny of the nitrogenase reductase gene nifH, and nodA genes of representatives of the biovars also grouped strains from these plants according to the two biovars. The congruence of the nif and nod phylogenies was interpreted as exchange of symbiotic plasmids within biogeographic regions.
Rhizobium etli bv. mimosae was described by WANG et al. (1999) . This biovar comprises strains isolated from Mimosa affinis in Huautla, Mexico, and is distinguished from R. etli bv. phaseoli (SEGOVIA et al., 1993) by its capacity to form an effective (nitrogen-fixing) symbiosis with Leucaena sp. R. etli bv. mimosae strains differ in plasmid composition from other R. etli strains and have closely related or identical nifH genes. They lack melanin production, which is a sym plasmid encoded trait in R. etli bv. phaseoli.
The species Rhizobium gallicum and Rhizobium giardinii isolated from Phaseolus vulgaris also both have two biovars. R. gallicum bv. phaseoli and R. giardinii bv. phaseoli share phenotypic (host range for nodulation and nitrogen fixation mainly restricted to Phaseolus vulgaris) and genotypic (three copies of nifH) characteristics with the phaseoli biovars of R. leguminosarum and R. etli, R. gallicum bv. gallicum and R. giardinii bv. giardinii have species specific symbiotic phenotypes (broader host range for nodulation) and genotypes (one and no nifH copy respectively) (AMARGER et al., 1997) .
Different biovars described so far are thus distinguished not only by nodulation phenotype, but by a variety of symbiosis related phenotypic and genotypic traits, which reflect the evolutionary history of the symbioses. Our study shows that symbiosis related genetic traits in R. galegae divide strains belonging to the species into two groups, which correspond to the formation of effective symbioses with G. orientalis and G. officinalis respectively. We therefore propose that Rhizobium galegae strains forming an effective symbiosis with Galega orientalis are called R. galegae bv. orientalis and strains forming an effective symbiosis with Galega officinalis are called R. galegae bv. officinalis. A genetic marker for biovar orientalis is the presence of an IS-like sequence, detected e.g. by DNA hybridisation.
